nificant predictor of a reduced recurrence rate (HR 0.49, 95% CI 0.32-0.75). Conclusion: ACE-I and ARBs were effective for the preservation of sinus rhythm after PAF ablation, and they reduced the reablation rate.
dioversion of persistent AF [11, 12] , their role after the ablation of paroxysmal AF remains to be defined.
Conduction recovery of pulmonary veins has been postulated to be the major determinant of AF recurrence during short-term follow-up [13, 14] . After a second or even a third ablation procedure, conduction recovery is reduced and its role in the initiation and maintenance of AF seems less important. In the present study, we sought to identify the impact of ACE-Is and ARBs on the outcome after a standardized ablation procedure for paroxysmal AF. We postulated that beneficial effects would be observable in the long run rather than in the short run.
Methods

Patients
From a single-center database of 626 patients, 204 patients ablated between 2001 and 2006 were included in the analysis. All patients were treated for the first time for highly symptomatic paroxysmal AF by segmental ostial ablation of all pulmonary veins. Patients with prior episodes of persistent AF or AF ablation were excluded. Treatment with ACE-Is or ARBs was established at the time of ablation in 102 patients (group 1). Incorporating a matched-pair design, for each patient of group 1 a corresponding patient was selected from the database (group 2) that matched according to the following parameters: gender, age ( 8 5 years), and date of ablation procedure ( 8 6 months).
All patients were refractory to conventional antiarrhythmic therapy with a median of 2 drugs (range 1-4) remaining ineffective. Patients were screened prior to the ablation procedure at our outpatient department. Holter-ECG recordings revealed frequent symptomatic episodes, with more than 1 episode at least 5 min in duration within 24 h for each patient. The baseline characteristics of the patient cohort are given in table 1 .
Ablation Procedure
Two long sheaths were advanced to the left atrium via a double transseptal puncture or a patent foramen ovale. Mapping was performed using a decapolar circumferential catheter (Lasso; Biosense Webster, Diamond Bar, Calif., USA) during sinus rhythm (SR). A radiofrequency current was applied via an open irrigated 3.5-mm tip electrode catheter (ThermoCool; Biosense Webster) in a combined power-and temperature-guided mode [15] . Segmental pulmonary vein isolation was performed at ostial sites with a power of 25-30 W at a saline solution flow of 30 ml/min and an upper temperature limit of 50 ° C. After isolation of the veins, an irrigated tip ablation of the right atrial isthmus, described elsewhere [16] , was performed. The complete entrance blockage of all pulmonary veins and bidirectional isthmus blockage was the end point of ablation. Blockage was verified by the elimination of all pulmonary vein potentials and by pacing maneuvers at a minimum of 30 min after ablation. Patients were administered oral anticoagulation (international normalized ratio 2.0-3.0) for 3 months followed by a treatment regimen in concordance with the AF treatment guidelines at that time [17] . Antiarrhythmic therapy was continued for 3 months postablation.
In case of a second ablation procedure the same approach was used. No ablation was performed on veins that showed persistent blockage after the first ablation.
Follow-Up
Patients were discharged in SR after 2 days of monitoring. In case of in-hospital AF recurrence, electric cardioversion was performed. Patients were supplied with a credit card-sized ECG recorder (RhythmCard; Instromedix, San Diego, Calif., USA) capable of storing up to 3 single-lead ECGs with a fixed length of 1 min. Patients were prompted to record at least 1 ECG per day irrespective of symptoms and upon any occurrence of symptoms [18] . Intensified follow-up via tele-ECG was continued for 6 months postablation and stored in a database. The tele-ECGs were analyzed by 2 independent cardiologists and diagnosed as SR or AF at least 30 s in duration. Due to the limited capability to differentiate atrial rhythms, suspected postablation arrhythmias, i.e. focal atrial tachycardia or left atrial flutter, with fast and irregular QRS complexes were treated as AF recurrences.
Study End Points
The primary end point of this study was the first documented recurrence of AF. A 3-month blanking period was used to handle early recurrences related to the acute phase of ablation. Off-drug recurrence rates were also evaluated at 6 and 12 months postablation.
Secondary end points were the need for reablation, recurrence after reablation, and the absence of AF at the end of the follow-up evaluation period. 
Ethics
All procedures were performed in accordance with the ethical standards of the local ethics committee on human experimentation and the Helsinki Declaration. All patients provided their written informed consent.
Statistical Analysis
The study was performed using a matched-pair design. Patients were not randomized for the treatment regimen. ACE-I or ARB therapy, however, remained unchanged during follow-up. Continuous variables are presented as means 8 standard deviation. Student's t test was used to evaluate differences in continuous variables. A 2 test was applied for the cross tabulation of raw event rates. The mean time to AF recurrence and the 95% confidence intervals (CI) were calculated using Kaplan-Meier survival analysis. The Cox proportional hazards model was applied to identify and adjust for potential confounders. An adjusted logrank test was used to compare the time-to-event recurrence curves. Raw event rates are given in flow chart diagrams. All tests were 2-tailed, and p ! 0.05 was considered statistically significant. Analyses were performed using SPSS version 14 (SPSS Inc., Chicago, Ill., USA).
Results
A control patient was assigned to each patient in the treatment group. The characteristics of the matched variables for both groups are presented in table 1 . During the first pulmonary vein isolation, 358 (87.7%) and 361 (88.4%) of the 408 target veins were successfully ablated in the ACE-I or ARB group (group 1) and in the control group (group 2), respectively. In 7 patients, a third right pulmonary vein was detected but not ablated due to small diameters. Radiofrequency current was applied for 48. 
Treatment with ACE-Is and ARBs
In group 1, sixty-two (60.8%) patients received ACE-Is. The remaining 40 (39.2%) were treated with ARBs. Therapy was initiated in all patients at least 2 months prior to ablation and continued unchanged during follow-up. The minimum and maximum doses recommended by the manufacturer were taken by 35 (34.3%) and 23 (22.5%) patients, respectively. Detailed data on the drugs effective in the study population are given in table 2 . Indications for therapy with ACE-Is or ARBs were arterial hypertension (n = 88), coronary artery disease (n = 12), and left ventricular dysfunction (n = 3). Patients with coronary artery disease were concomitantly treated with statins. Beta-blockers as primary antiarrhythmic agents were discontinued in 9 of the 62 patients on the drugs postablation.
Drug Treatment of the Control Group
Patients in group 2 received beta-blockers in 42 cases for the treatment of arterial hypertension. As in group 2, therapy had been initiated at least 2 months prior to ablation and continued unchanged throughout the follow-up period in each case. Five patients with coronary artery disease were on statin therapy.
Outcome after Primary Ablation
After a median follow-up interval of 2.1 years (range 0.3-6.3), 51 (50%) of the 102 patients in group 2 (treatment group) remained AF free ( fig. 1 ) . No recurrences were detected in 32 (34.3%) of the 102 patients in group 2 (p = 0.023). The mean time to recurrence was 3.2 years (95% CI 2.6-3.8) and 2.2 years (95% CI 1.7-2.8) for groups 1 and 2, respectively. Kaplan-Meier plots for the primary end point of first recurrence of AF are presented in figure 2 . Multivariate Cox analysis ( fig. 3 ) showed treatment with ACE-Is or ARBs to be the only significant predictor of the absence of AF (HR 0.49, 95% CI 0.32-0.75, p = 0.001). For arterial hypertension, however, more recurrences were identified in the AF patient cohort (HR 1.72, 95% CI 1.12-2.66, p = 0.014). In a subanalysis 6 months after ablation, 64 (62.7%) patients from the treatment group and 44 (42.2%) patients from the control group re- For each patient in group 1 a control patient (group 2) was selected that matched in gender, age, and ablation date. All patients underwent segmental ostial isolation of the pulmonary veins. Patients with recurrences were offered a repeat procedure. 1 Absence of AF after a 3-month blanking period. Fig. 2 . The Kaplan-Meier plot shows the cumulative proportion of patients without AF recurrence after the first ablation following a 3-month blanking period. The log-rank test was significant (p = 0.009). A subgroup analysis revealed a nonsignificant difference of 33 (53.2%) recurrences for patients on ACE-I treatment and 18 (45%) recurrences during ARB therapy (p = 0.54).
Outcome after Reablation
Reablation was performed in 31 (50%) patients with AF recurrence in group 1, whereas the other half preferred conservative treatment. In the control group (group 2), 48 (67%) patients with recurrences were ablated and 24 (33%) opted for drug treatment (p = 0.05). After a median period of 1 year (range 0.1-5.9) following reablation, 13 (42%) patients from the treatment group (group 1) remained in SR ( fig. 1 ). In the control group, 21 (44%) patients were recurrence free (p = 0.87).
At the end of the follow-up period, 64 (62.7%) patients in group 1 and 56 (54.9%) patients in group 2 were in SR after a mean of 1.3 and 1.5 ablation procedures, respectively.
Discussion
The present study supports the importance of RAAS in the pathophysiology of AF. Several experimental and clinical studies have addressed the influence of each of these drugs in various settings of new-onset [19] [20] [21] or recurrence of AF [12, 22] . Trials emphasizing the influences on self-sustained persistent AF have correlated drug treatment with fewer recurrences after electric cardioversion [11, 12] . In agreement with these studies, our data show divergence of the Kaplan-Meier plots at the first 12 months of follow-up. At that time, 54.9% of patients in the treatment group remained AF free compared to 38.2% of the patients in the control group. Assuming that the rate of pulmonary vein conduction recovery is equal in both groups, ACE-Is and ARBs may prevent focal arrhythmias or reverse the development of a fibrillating substrate that is less dependent on focal pulmonary vein activity.
This effect becomes evident after the acute-phase postablation. In addition, the significantly greater number of patients with recurrences in the first weeks postablation supports the medium-term beneficial effects.
In a recent publication by Richter et al. [23] , no effect on the outcome after AF ablation could be demonstrated. Although a comparable group size was chosen, the subjects presented paroxysmal and persistent forms of AF and were ablated using segmental ostial and purely anatomical approaches. In particular, isolation of the pulmonary veins was the end point for a minority (35%) of the patients. A similar study by Al Chekakie et al. [24] demonstrated a favorable outcome with ARBs, though it was not statistically significant due to a limited number of patients. As in the Richter et al. [23] study no effect could be attributed to the intake of statins. The deviant results as compared to our investigation may stem from the smaller number of patients presenting both paroxysmal and persistent AF. A clinically relevant aspect not addressed by the 2 studies is the reablation rate which could be reduced from 67 to 50% relating to a long-term efficacy of RAAS blockade despite limited AF recurrences.
From the study design it is not possible to conclude that the beneficial action of ACE-Is and ARBs is related to atrial remodeling [25, 26] . Atrial fibrosis is promoted by angiotensin II as a result of the upregulation of the RAAS [27] . Further modes of action include hemodynamic changes with reduced left atrial pressure and wall stress [28] .
The clinical relevance of early recurrences in combination with a late cure remains controversial [18, [29] [30] [31] and is possibly linked to the acute upregulation of inflammatory processes after ablation indicated by increased C-reactive protein and fibrinogen levels [32] . Both ACE-Is and ARBs are modulators of the inflammatory pathway [33, 34] and may therefore also be effective during the early phase after AF ablation.
Since the treatment regimen was not randomized, dosing of ACE-Is and ARBs varied individually within the recommended ranges. A maximum dosage was taken by a minority (23%) of the group 1 patients. Although speculations remain regarding whether the effects could be intensified by a higher drug intake, prior studies on AF prevention used intermediate doses of the studied agents [9, 11, 12] .
The subsumption of patients on ACE-I and ARB treatment into group 1 may not seem justified as the mode of action of the 2 agents is not identical. Indeed, human atrial tissue locally expresses ACE not directly affected by ARBs [35] . Evidence indicates, however, that the beneficial effects of RAAS-modulating drugs on AF are primarily related to the angiotensin II type 1 receptor resulting in the effectiveness of both agents [6, 25] . The present results support the hypothesis of similar effectiveness. No difference could be demonstrated in the outcome of patients on ACE-I or ARB therapy, respectively. The lesser need for reablation, i.e. 50% in the treatment group compared to 67% in the control group, supports the clinical effectiveness of both agents despite limited AF recurrences.
Study Limitations
The study medication was not assigned but had already been initiated at the time of study enrollment. Therefore, several agents in the ACE-I and ARB groups at variable doses were effective. The presence of asymptomatic AF episodes during long-term follow-up may have obscured some recurrences. The observation of fewer redo procedures in the treatment group is sensitive to patient discretion.
Conclusion
ACE-Is and ARBs seem to be effective for the preservation of SR after pulmonary vein isolation for paroxysmal AF. A beneficial effect of ACE-Is and ARBs after AF recurrence was possible with fewer redo procedures in patients on treatment compared to the control group.
